A serious problem in recent years of waterworks praxis has appeared to be the one with growing necessity for surface water detention . Continuous growth of natural terrain coverage for building construction, industry, free time activities and transport reasons leads to a widening of the area of build surface and lack of natural terrain with a capability of natural rainfall water infiltration. This causes serious damage to the natural water cycle. In cases where rainfall water falls on natural terrain, most water soaks in the soil and becomes part of the subsoil water. Only about 20% of rainfall water comes to rivers or is carried to stormwater drainage. As a consequence of the continuous growth of building construction and urban development, the natural terrain is replaced by compact soil; for example, the roofs of industrial, residential, commercial or other buildings, road networks, car parks etc. When the rainfall water reaches these surfaces almost 80% of this water flows to the waste-water disposal system or rivers and only 20% soaks into the soil. This leads to ecological damage as floods, torrential rain, and the decline of subsoil water level, local soil dehydration and endangering of sensitive ecosystems. It is necessary to build and develop not only urban constructions but also the artificial regulation of water circulation in nature, which contribute to the maintenance of ecological stability of the chosen location.
Introduction
Urban rainwater drainage must be controlled in order to avoid flooding and to keep safe human health and property. Traditionally, urban storm drainage systems have been designed for hydraulic efficiency to transport rainwater from the urban environment as quickly as possible [1] .
Prior to development, rainwater is a small component of the annual water balance. However, as development increases, the paving of pervious surfaces with new roads, shopping centers, driveways and rooftops all adds up to mean less water soaks into the ground and more water runs off. Overall, urban drainage presents a classic set of modern environmental challenges: the need for cost-effective and socially acceptable technical improvements in existing systems, the need for assessment of the impact of those systems, and the need to search for sustainable solutions [2] .
The movement towards making better use of natural drainage mechanism has been given different names in different countries. For example in US 'best management practices' or BMPs, in Australia 'water sensitive urban design' and in the UK 'Sustainable Urban Drainage Systems' or SUDS. These techniquesincluding soakaways, infiltration trenches, swales…etc concentrate on stormwater. The possible solution appears also in the separate drainage system. The stormwater is not mixed with the wastewater and can be discharged to the watercourse at the convenient point. However, the obvious disadvantage might be cost.
The majority of drainage systems in Slovakia are combined; like in the UK, France and Germany, where about 70% of total drainage system length is combined, according to Butler and Davies [2] . Nowadays, we know that this kind of system is economically and environmentally inefficient and in many cases causes overloading of sewerage systems and treatment plants as more frequent floods prove it. It is essential that we introduce new sustainable approaches in urban drainage systems in Slovakia as well.
Rainwater infiltration
Infiltration facilities are devices designed for fluent and natural infiltration of rainwater from the roofs of buildings and paved surfaces. The basic principle and function of all types of infiltration facilities as quickly as possible to divert rainwater to infiltration zone and there it infiltrates into the surrounding soil [11] . Design and use of infiltration facilities as a sustainable method of rainwater runoff disposal become an integral part of the drainage management and projects of sewerage system of buildings or other paved surfaces.
Disposal, respectively safe drainage of rainwater is a problem of almost every new building in an urban area and in area with undersized sewage systems. Waste-water disposal systems, sewage treatment plants and recipients of water flows are overloaded and the risk of floods grows. This represents another reason for waterworks companies to have the possibility of forbidding the disposal of rainfall water from surface detention into the waste-water disposal system already during the creation and fulfillment of the development plan. This leads to the necessity of using rainwater infiltration systems or capturing rainwater for further reuse.
For this reason, it is appropriate to design infiltration systems, which not only solve a technical problem that partially relieve a sewer network, but also contribute to the ecological stability of ecosystems, and also reduce expanse for disposal of surface water from rainfall runoff into a waste-water disposal system.
Positive aspects of rainfall infiltration systems

Ecological aspect
A cycle of water circulation in nature consists of the following phases: precipitation, infiltration, runoff, evaporation. In the case that rainwater falls on natural terrain, most water infiltrates to the soil and becomes a part of subsoil water. Only about 20% of rainfall water comes to rivers or is carried to rainwater drainage.
The problems associated with urbanization originate in the changes in landscape, the increased volume of runoff, and the quickened manner in which it moves. The changes in the landscape occurred during the transition from rural and open space to urbanized land use [4] .
Urbanization causes a shift from sub-surface pathways dominating stream flow generating processes to overland flow as vegetation is removed and soils become compacted or covered with impervious paving or roofs. Rainwater runoff is largely caused by rain falling on asphalt or roofs and storms [4, 9] . Impervious surfaces are the results of new developments as well as further developments within existing areas and lead to increased rainwater runoff. It is not only the volume of runoff but also the speed of runoff that increases [5] .
In heavily urban areas, the natural terrain is replaced by paved surfaces. When rainwater reaches these surfaces, almost 80% of this water flows to the wastewater disposal system or rivers and only 20% infiltrates to the soil. This leads to the above mentioned ecological damage.
Technical aspect
The drainage of excess volumes of rainwater from large areas of roofs and paved areas is also a technical problem. Designing infiltration facilities reduces initial flow of the first volume of influent rainwater and reduces overloading sewer systems especially in the initial phase of short torrential rains and reduces the risk of flood.
The growth of urban areas increases velocity and amount of rainwater runoff. As a result of such growth, existing rain drainage systems are sometimes exceeded. This is especially the case of larger cities with combined sewer systems. Heavy rainfall can cause temporary overloading the system [5] .
Economic aspect
Rainwater infiltration system brings also economic advantages especially when prices of water rate and sewage charges grow constantly. The reason for forcing these prices up is growth of expenses for drinking water-purification and wastewater treatment. Other reasons are declining level of subsoil water and lack of drinking water resources. In years to come the situation won't change or it will be even worse. The prices will grow continuously. The implementation of rainwater infiltration system on private property will help the owner to reduce expenses for conducting rainwater to a waste-water disposal system.
Requirements for the design of infiltration facilities
The infiltration facility as a method of rainwater drainage must ensure the safe drainage of rainwater at the required time. With the correct design, realization and maintenance of infiltration facilities, it should be operation of this device fluent and without complications. It is therefore necessary that the designer of the infiltration facilities knows hydrogeological conditions in the area of interest. The design of infiltration facilities must take into the account protection of groundwater and infiltration capability of soil.
Percolation facilities (soakaways) are wastewater facilities. The soil in these facilities and the substances retained are parts of this wastewater facility. Objective of a sustained soil and groundwater protection has to be permanently to maintain the natural functions of the soil, above all its efficiency as filter, buffer and transformer, and to keep groundwater as far as possible unaffected by human influences as well as to preserve soil and groundwater across the whole area from pollution or other disadvantageous changes [7] .
A very important design parameter of infiltration facilities is to determine the infiltration coefficient k f in the interest area. The infiltration coefficient k f generally represents an efficiency of infiltration facilities, respectively infiltration capability of the soil to absorb the inflow water.
Permeability of the infiltration zone is a main qualitative and quantitative requirement for rainwater infiltration. Permeability of loose rock depends primarily on the size and distribution of the particles and compactness, in soils is critical soil structure and water temperature and is given by the infiltration coefficient. Permeability of loose rock varies in general between 1. Therefore, the most important design parameter of the infiltration facilities is to determine the filtration coefficient k f on-site.
Experimental research of infiltration in the campus of TU Košice
The project APVV SUSPP-0007-09 related to the management of rainwater, taking place at the Faculty of Civil Engineering in Košice, deals with the research of infiltration shaft as one of the types of infiltration facilities.
The research of rainwater infiltration takes place in infiltration shafts that were constructed before the start of the research. Both infiltration shafts A and B are located by the PK6 building in campus of the Technical University of Kosice. Rainwater runoff from the roof of this building flows into the two infiltration shafts (figure 1). As was already mentioned above, the most important parameter of design not only for infiltration shafts, but in general infiltration facilities, is to determine the infiltration coefficient k f in the interest area. The filtration coefficient of surveyed infiltration shafts was through the laboratory tests set at k f = 1.10 -3 m/s [6] . Theoretical analysis of infiltration shaft efficiency respectively of the time required for infiltration of inflow rainwater from the roof of the building PK6 was processed for the studied infiltration shafts. Location of infiltration shafts near building PK6
As a result of the theoretical calculation, the efficiency of infiltration shaft respectively time required for infiltration of rainwater inflow for k f = 1.10 -3 m/s in studied infiltration shaft would be ranges of minutes.
Efficiency of infiltration facility (shaft) in real conditions
Real values of infiltration shaft efficiency respectively of the time required for infiltration of inflow rainwater from the roof of the building PK6 in campus of the Technical University of Kosice are shown in figures 2 and 3 [6] .
Figures 2 to 4 represent 2 selected rainfall events from every year of research showing the process of inflow rainwater into the infiltration shaft, calculated volume of inflow rainwater and process of water level change at the bottom of infiltration shaft A. The time for infiltration of rainwater at the bottom of the shaft basically follows the process of precipitation, respectively inflow of rainwater into the shaft.
Resulting not only from figures 2 and 3, but also from the overall measured data during the research, the total infiltration of rainwater in the infiltration shaft, take place at the time of termination of rainfall events, respectively short-time after, which represent a high infiltration rate of this shaft, given by the coefficient of infiltration of soil at the bottom of shaft. Therefore, despite the smaller surface for infiltration of infiltration shafts with comparison to other Volume of rainwater inflow and water level changes at the bottom of shaft during rainfall 7.10.2011 [6] . 
Conclusion
Infiltration of rainwater, taking into account the suitability of local conditions appears to be the most suitable environmentally solution of rainwater drainage. The connection of conventional method of draining rainwater through sewer systems and infiltration of rainwater appears to be the most suitable drainage concept for sustainable cities.
As was mentioned above, suitability of choice of type of infiltration facility is dependent on local conditions. There are several types of infiltration facilities. In general, infiltration facilities may be divided into surface and underground devices, so that in the case of limited available surface in urban areas it is necessary to design underground infiltration facilities. Infiltration shaft is very suitable solution of rainwater drainage. Of course, it is necessary to take into account the principles of design of these facilities, for example separation distance from buildings, groundwater level, infiltration coefficient etc.
But it is always necessary to consider from the view of local conditions about suitability of rainwater infiltration solutions. Therefore, in each case, it is to be considered carefully, which drainage concept in combination with the percolation of precipitation is ecologically sensible, technically possible and economically justifiable [7] .
